Introduction and objectives
===========================

The Medical Licensure Act of 2002 \[[@R1]\] introduced the requirement for graded student performance records in each subject of the clinical study section in human medicine. For practical reasons, this is usually done in the form of written exams using multiple choice questions (MCQ), which are considered to be of satisfactory reliability and objectivity \[[@R2]\]. The literature contains general rules for creating "good" MCQs, both regarding form and content \[[@R3]\], \[[@R4]\], \[[@R5]\]. To date, many authors of MCQs have not been trained in the application of these rules at German medical schools and, in many cases, no standardised review process for the questions used exists either \[[@R6]\]. Accordingly, there is no quality assurance of the MCQs in use.

To ensure an adequate standard of MCQs in use, a standardised peer-review process in addition to examiner training would appear suitable. The range of possible review process is wide, including individually reviewing questions or multiple individuals reviewing questions, moderated, un-moderated, face to face and virtual reviews \[[@R7]\].

Optimal effectiveness and efficiency of the peer reviews which are rather time and labour intensive depend on several factors. In this, the question of validity and reliability of the assessments play a central role. If one wants to strengthen the motivation of reviewers, they should be satisfied with the review process and they should be convinced of the effectiveness as well as the importance of it. Another important factor is the time required.

Since November 2008 the general medicine subject area at the University of Freiburg has been drawing upon a web-based digital exam system in the preparation of MC exams, developed by the "Centre of Excellence for Medical Exams in Baden-Württemberg" at the University of Heidelberg. The pool of questions for the general medicine subject area is held in this item management system (IMS) and used as the basis for creating exams at Freiburg.

In Germany, 15 departments now rely on the IMS as a digital tool in the preparation and evaluation of exams. While the system already significantly simplifies the organisational processes, a much more vital added benefit is that, in theory, a faculty can draw upon the exam questions of other faculties and use them for their own exams. Such access on the one hand requires the willingness of each faculty to share their questions with other faculties. On the other hand all users of the system had agreed that questions can only be placed in the public pool which can be accessed by other users if they have gone through a defined review process.

In the context of this study, individual reviews were compared with un-moderated face-to-face group reviews to investigate the following:

Are there differences between individual and group reviews in (a) the frequency of errors found (consistency of review forms: reliability) and (b) compared to a standard review by designated experts (consistency with a standard: validity)?Does the review process influence the satisfaction of the reviewers with the process, their assessment of the effectiveness and importance of the reviews carried out?Is there a difference in the time required for implementing individual or group reviews?

Methods
=======

Sample
------

Four general medical departments at German universities who declared their willingness to participate in the study were selected for the study: Dresden, Freiburg, Heidelberg and LMU Munich, hereinafter referred to in random order as Uni 1-4 for the sake of anonymity. Each site provided three employees who deal with the design and review of MCQs within their departments.

Item Sample
-----------

For the study, 2 x 40 MCQs (Group A and B) were randomly selected from the question pool of the general medicine subject area at the University of Freiburg. They were all so-called Type A questions (single positive or negative selection from five answer choices).

Materials and technical prerequisites
-------------------------------------

One of the functions of the IMS is that all recorded exam questions can be reviewed online using a ten-criteria evaluation form (see Table 1 [(Tab. 1)](#T1){ref-type="fig"})^1^. An input field for free text comments makes it possible to record criticisms and to make specific suggestions for corrections.

The basis for assessing all reviews in this study was the "Short Guide to Reviewing MC Questions" by the competence centre, which in turn is based on the relevant literature on this subject \[[@R3]\], \[[@R4]\], \[[@R5]\].

For evaluating satisfaction with the review process, its effectiveness and the subjective assessment of its importance, a short questionnaire was created. Answers were given using a 6-point Likert scale (see Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). In addition, there were two open questions: *"Which part of the review did I like best?"* and *"Which part of the review caused me the most problems?".*

Conduct
-------

The first step was creating a comparative standard for the assessment of study participants through a review of all 80 MCQs by experts. The four-member committee, all of whom had appropriate experience (MME or employee of the Centre of Excellence), was composed of three specialist representatives and a non-specialist colleague. The "Centre of Excellence for Exams in Medicine in Baden-Württemberg" subjected all 80 MCQs which were going to be part of the study to a group review.

The "Brief Guide to Reviewing MC Questions", which explains the checklist criteria for the review (see Table 1 [(Tab. 1)](#T1){ref-type="fig"}), was made available to all study participants. No further training of the reviewers took place. According to the study design (see Table 2 [(Tab. 2)](#T2){ref-type="fig"}), each site the three reviewers then assessed 40 MCQs 40 individually and 40 MCQs in review groups.

For the group reviews, the study participants agreed dates when all 40 MCQs were assessed in a single session. In dealing with the individual reviews, the reviewers had the opportunity to work to their own timetable.

Following both the individual and the group reviews, the study participants were required to fill in the short questionnaire.

Statistics
----------

Through a review of all MCQs used in this study by a panel of experts, a reference assessment, a gold standard, was set for each question. The assessments of this study were compared to this external reference to check its validity. The reliability was tested by comparing the identified deficiencies at the four different sites.

All of the 3200 individual assessments carried within this study's reviews (80 MCQs × 10 assessment criteria x 4 sites) were dichotomized as follows: 0 = no deviation from the expert review and 1 = deviation from the expert review and 0 = no defect and 1 = slight or severe defect and thus subjected to statistical analysis. For the individual reviews, the rounded average of the three individual assessments was used for comparison.

The variables "Number of deviations from the gold standard" and "Number of errors found" were analysed using variance analysis (linear mixed model \[[@R8]\]) with the fixed factors "review form" (single/group), "location" (Uni 1 - Uni 4), "question group" (MCQ Group A/MCQ Group B) and "pass" as well as the random factor "MCQ" (i.e. it is assumed that the MCQs represent a random selection from the MCQ pool). Of primary interest were the factors "review form" and "location", the other factors were used as control variables.

The variables for the individual categories are binary (values 0 and 1) and were therefore analysed with a similar non-linear mixed model with a logistic link function (logistic-normal model \[[@R9]\], \[[@R10]\]).

The statistical analysis of the questionnaires accompanying the study was done descriptively.

Results
=======

Sample Composition
------------------

Twelve GPs from four German universities, eight women and four men, took part in the study. The participants' ages ranged from 24 to 61 years, the average age was 41 years (SD=14.6).

Validity
--------

The results of the deviations of the study reviews from the expert reviews are presented in Table 3 [(Tab. 3)](#T3){ref-type="fig"}. There were no statistically significant differences, either between the type of review (single vs. group review), or between Pass 1 and Pass 2, or between Question Group A and Question Group B. A significant difference was found only between the individual reviewer groups of the different locations.

Reliability
-----------

The number of deficiencies identified as part of the review study are shown in Table 4 [(Tab. 4)](#T4){ref-type="fig"}. Overall, no significant differences between the nature of the review (single vs. group review), the pass and the question group were found for all the 3200 criteria. The only significant difference was also found to be between the sites.

Questionnaires
--------------

In response to the question regarding satisfaction with the review process, following the individual reviews the study participants responded with an average of 4.92 (SD=0.69), following the review group with 5.17 (SD=0.83). The question on effectiveness was answered as follows: following individual reviews with an average of 4.92 (SD=0.69), following group review with 5.58 (SD=0.67). The importance of the review following individual reviews was rated 5.75 (SD=0.45) on average, following group review 6.00 (SD=0).

The free text comments on the questions *"Which part of the review did I like best?"* and *"Which part of the review caused me the most problems?"* can be summarised as follows:

From the perspective of the reviewer, the most positive aspect of the individual reviews was the freedom in time-planning, where for the group reviews it was the collegial exchange of ideas and the associated learning effects. Commonly cited problems in individual review were complaints of vague evaluation criteria in the absence of opportunities for asking questions, whereas in the group reviews it was timing problems, as it is often not easy to produce consensus in carrying out assessments and the long sessions associated with this type of review and the resulting concentration problems.

Time Expenditure
----------------

The average processing time for the 40 questions in individual reviews was 113 minutes (SD=44), 139 minutes (SD=48) in group reviews.

Discussion
==========

There is already sufficient evidence in German-speaking countries that the systematic collegial review of MCQs improves the quality of exam questions \[[@R11]\], \[[@R12]\], \[[@R13]\]. There are only a few indications as to the advantages and disadvantages of different review process \[[@R7]\]. This study was intended to help clarify the practical questions about the advantages and disadvantages of individual vs group reviews.

Validity
--------

The results of this study show that are review processes are equally valid. There is therefore no basis upon which we could recommend one over the other.

Statistically significant differences in the assessments of MCQs were found, however, between the reviewers of the four individual sites. The "Short Guide to Reviewing MC Questions" alone, although based on the same basis as the knowledge of the "experts", apparently is not suitable for ensuring homogeneous assessments across the four university sites. In terms of the deviations from expert's review, there was one significant difference across all checklist items. The result suggests that in addition to author training required elsewhere \[[@R4]\] and wide-scale introduction of a standardised review process, reviewer training should be recommended \[[@R13]\].

Reliability
-----------

The deficiencies observed at the four locations not dependent on whether the questions were assessed individually or in groups were viewed across all checklist items. There is therefore, again, no basis for deciding for a particular version.

In contrast, the comparison of university sites with each other revealed statistically significant differences for all items which could be statistically analysed. The demand for reviewer training can thus be affirmed.

Questionnaires
--------------

If the goal is to ensure that throughout Germany as many tutors participate in a mutual and sustainable review of MCQs, it must be ensured that they are convinced of the necessity of such an approach and that the methodology is effective and subjectively satisfactory from their point of view. For this reason, the individual reviews were accompanied by questionnaires which queried these parameters.

Averaged across all four sites, for both the question regarding satisfaction, the effectiveness of the review process and the importance of the review, slightly higher approval was awarded following group reviews compared to individual reviews. When analysing the questions for each site separately, the higher approval following group reviews is replicated almost consistently. Only at one site (Uni 1), was the question regarding satisfaction with the review process ranked higher following individual reviews. In this case too, group dynamics should be considered, as the Uni 1 site took the longest of all review sessions, with 210 minutes of processing time in group reviews. This could suggest problems when trying to come to decisions with joint responsibility.

The free text comments on individual and group reviews reflect the expected advantages and disadvantages of both methods once again, juxtaposing the freedom to plan in individual reviews with of the lack of feedback opportunities from colleagues. It becomes obvious that in group reviews the timing issues are in contradiction with the often mentioned (and positively seen) collegial exchange of ideas and the associated learning effects.

Time Expenditure
----------------

If we consider only the pool of questions of general medicine in Freiburg which includes approximately 280 MCQs (though other sites may have much larger pools), we can guess the enormous amount of time necessary for reviewing the entire set for all general medical departments and subject areas. In this respect, the timings found by this study may be considered when discussing the more practical review process. Group reviews of 40 MCQs on average took 26 minutes longer than individual reviews. If one followed this criterion alone, there would have to be a pronounced recommendation of individual reviews. Interestingly, this extra need for time is not raised in the free text answers.

Weaknesses
----------

The relatively small sample of reviewers, which for feasibility reasons was not a random sample also limits the generalisability of the study results. As employees of general medical departments and subject areas were consciously selected (i.e. people who in their daily routine are tasked with creating and/or reviewing exam questions without special additional training) this meant that inevitable discrepancies in medical experience and prior theoretical knowledge had to be accepted. Both factors limit the comparability.

The ten-item checklist against which the MCQs were judged did not reflect all criteria for the creation of "good" MCQs given in the literature \[[@R3]\], \[[@R4]\], \[[@R5]\]. Some items must be considered redundant while other criteria, such as the important question of the relevance of MCQs \[[@R11]\], are missing.

Conclusions
===========

The results of this study do offer some help when trying to reach a decision about which review process may be recommended as the better.

As was shown in the results section and explained in the discussion, no statistically significant difference regarding validity and reliability of both procedures could be found which means that it will not be possible to decide for one or the other solely based on these factors.

Against this background, the subjective assessments of the study participants on the reviews gain in weight. These tended more towards group reviews. It would appear that the time factor is subordinated to the satisfaction and the subjective assessment of the effectiveness of the process by the study participants.

The specifics of the situation on the ground can understandably play a crucial role when selecting a method. If the reviewers are scientific or clinically-based staff who usually work together in a department, the selection will tend towards group reviews which are relatively easy to terminate. If the reviews will tend to be carried out by established lecturers (as is common in general medicine), individual reviews at their own workplace could seem more reasonable and practicable.

For practical reasons this study only looked at Type A questions. But essentially, the results should be transferable to other question formats.

Note
====

^1^ In the IMS this evaluation form is based on an algorithm for which no further details are available which either makes the questions available to the public folder or refers them to the authors for correction.
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